Abstract Objectives: To investigate the frequency and risk factors affecting the incidence of post-transplantation glomerulonephritis (GN) and the impact of GN on the survival of the graft and the patient.
Introduction
Transplantation has proven to be the best therapy for end-stage renal disease (ESRD), being superior to maintenance dialysis therapy with better quality of life and lower mortality risk [1] . The impact of glomerulonephritis (GN) on graft outcome is not fully understood [2] .
GN has been reported to recur in renal grafts at different rates depending on histological type [3] . Impairment of graft function and even loss has mostly been reported with recurrent GN [4] . Exact diagnosis of GN before transplantation is not easy, as most of the patients present with ESRD without an available histological diagnosis for varying reasons. Thus, most reported diagnoses of GN are based on clinical judgement rather than histological evidence, leading to an incorrect estimation of the true incidence of GN [5] . Another problem is the difficultly in differentiating between GN histological findings and calcineurininhibitor nephrotoxicity and chronic allograft nephropathy [6] .
Recurrent GN is clinically relevant, as it can result in long-term graft loss; it was reported to be the third most common cause of graft loss during the 10-year period after transplantation. The negative impact of recurrent GN increased from 0.6% during the first year after transplantation to 8.4% after 10 years [3] . In the present study, we analysed the incidence of different types of GN reported after transplantation, potential precipitating factors, and their potential risk on graft survival.
Patients and methods
This study comprised 2000 transplant recipients who received their grafts between March 1976 and February 2010 at Mansoura Urology and Nephrology Center. In all, 1648 patients received their grafts from related donors, while the other 352 received their grafts from unrelated donors. Among the unrelated group, 122 were spouses. The procedures were approved by the ethics committee of human experimentation in our centre and in accordance with the Helsinki declaration of 1975.
Exclusion criteria included: couples with historical positive lymphocytotoxic cross match, recent malignancy, addiction, psychiatric disorders, type I diabetes mellitus, significant extra-renal organ failure (pulmonary, hepatic, or cardiac), other exclusion criteria for donors included: unwilling donors, diabetes mellitus, hypertension, positive hepatitis B surface antigen (HBsAg), anti-hepatitis C virus (HCV) antibodies, anti-HIV and anti-cytomegalovirus (CMV) IgM antibodies. All clinical records of all kidney transplant recipients were entered prospectively in our computer network transplant database.
Study design
This is a retrospective study in which the patients were divided according to graft biopsy results into two groups: Group I (No GN) included patients who did not have post-transplantation GN (PTGN). Group II (PTGN) included patients who developed PTGN. This group was further divided according to the nature of GN into:
de novo GN, which included patients who did not have biopsy confirmed GN before transplantation or had a different type of GN than the one discovered after transplantation; recurrent GN, which included patients with PTGN of the same histopathological type as that before transplantation; transplant glomerulopathy, which included patients with glomerular injury with unique pathological and pathogenic entity distinct from other forms of chronic allograft injury.
GN management was according to the international protocols valid at the time of graft biopsy. The protocol table is provided in the Appendix.
Statistical analysis
Qualitative data are presented in cross tabulation and quantitative data are presented as the mean (standard deviation, SD). Univariate analyses were used for initial evaluation of differences using the chi-square and Fisher's exact tests. A P < 0.05 was considered to indicate statistical significance. Graft and patient survival rates were evaluated by means of Kaplan-Meier survival curves. Significant variables in the univariate analysis were further analysed by multivariate analysis to determine those that acted independently (P < 0.05) using the Cox model. All analyses were carried out using the computer package SPSS for windows, release 16 SPSS Inc. Chicago, IL, USA.
Results
The patients' demographic data show that there was a higher frequency of PTGN in younger recipients. Focal segmental glomerulosclerosis (FSGS) was the predominant original cause of ESRD among group II, whereas in group I chronic pyelonephritis was the most common original kidney disease ( Table 1) .
Most of our ESRD recipients with GN were children, so parents constituted most of the donors in group II. The donors' gender was comparable in both groups. The percentage of parent donors was higher in group I. The incidence of recurrent GN was higher in the first 3 months after transplant compared with de novo GN. While transplant glomerulopathy incidence was higher than recurrent and de novo GN at 5 years after transplantation (P = 0.039; Fig. 1 ). Table 2 shows that either de novo GN or transplant glomerulopathy most commonly occurred in patients with uncertain original kidney disease. Recurrent FSGS was the most common histopathological type of GN, accounting for 44.4% of recurrent and 6.7% of de novo GNs, membrano-proliferative glomerulonephritis (MPGN) was the second most common histological type, systemic lupus GN was the most common original kidney disease associated with transplant glomerulopathy after transplantation. There were no significant differences for induction immunosuppression and primary immunosuppression in patients who had PTGN (P = 0.881, P = 0.197, respectively). Acute cellular rejection episodes were higher, but not significantly so, among patients who developed de novo GN (P = 0.566).
Chronic rejection was significantly higher among patients who developed transplant glomerulopathy (P < 0.001).
A significantly higher percentage of recipients had post-transplantation hypertension in group II than in Figure 1 Incidence of GN after transplantation. Post-transplantation incidence of recurrent GN (solid line) and de novo GN (dashed line) were significantly higher than transplant glomerulopathy (pointed line) (P = 0.039). group I. The percentage of other medical complications was comparable between the groups (Table 3) . Fig. 2 shows that long-term graft survival was significantly lower in group II vs group I within the first 2 years after transplantation (P < 0.001). While recurrent GN negatively impacted graft survival significantly compared with de novo and transplant glomerulopathy in the first 5 years. These differences equalised after 10 years (P = 0.067). There were significant differences between groups I and II for patient survival (P = 0.048). De novo GN and transplant glomerulopathy had a significantly negative impact on patient survival compared with recurrent GN and group I (P = 0.005; Fig. 3 ). Table 4 shows Cox multivariate analysis for the identification of possible independent risk factors for the development of PTGN, which showed that middle-age donors (aged 31-40 years) carried 1.76 risk (95% CI 1.04-3) compared with other donor grafts (P = 0.035). A Sirolimus-based immunosuppression protocol was associated with 4.6-fold risk (95% CI 2.14-10) for the development of PTGN (P < 0.001). While, a different blood group between the donor and recipient carried a favourable significant delay in the development of PTGN (P = 0.005). Table 5 shows the Cox multivariate analysis for risk factors for graft loss, which showed that transplant recipients aged 40-50 years have a 1.82-fold risk (95% CI 1.24-2.67) of losing their graft after 10 years vs the other transplant recipients (P = 0.002). Induction therapy with polyclonal antibody (anti-thymocyte globulin, ATG) doubled the risk of graft loss [hazard ratio (HR) 1.99, 95% CI 1.53-2.6] than induction therapy with monoclonal antibodies (P < 0.001). Acute rejection episodes carry an independent negative impact on long-term graft survival. One episode of acute rejection had a 1.35-fold risk (95% CI 1-1.8) of graft loss (P = 0.049). Two or more acute rejection episodes increased the risk of graft loss by 1.97 times (95% CI 1.45-2.7) (P < 0.001). Development of chronic rejection increased the risk to 2.41 times (95% CI 1.9-3) of long-term graft loss (P < 0.001). De novo GN had an independent negative risk on long-term graft loss of 3.33-times (95% CI 1.5-7.4) that of the other histopathological types (P = 0.003). Middle-aged donor grafts carried a favourable significant effect on graft survival (HR 0.77, 95% CI 0.61-0.99). Patients receiving their grafts from their offspring were at less risk of losing their graft after 10 years (HR 0.74, 95% CI 0.56-0.97) (P = 0.028). A different blood group had a favourable effect on graft survival (HR 0.75, 95% CI 0.59-0.95) (P = 0.016).
Discussion
The frequency of graft-antigen recognition and impact of alloimmune injury have been significantly reduced with the evolution of immunosuppression, which has improved post-transplantation long-term survival [7] . Hume et al. [8] reported that transplanted patients are not invulnerable from being at risk of GN, in all its forms, in the graft. The frequency of PTGN reached 40% and the cumulative probability increases with transplantation time [9] . A possible link between HCV infection and glomerulopathy has previously been reported [10] . In our present cohort, most of the donors among the PTGN group were parents, which supports the possible genetic predisposition reported previously [11] . GN has been found to be associated with mutations in several genes and the coding of several proteins that encode for podocytes function [11] . It has been reported that recurrent GN represents 70% of PTGN cases and IgA nephropathy was the most common histological form [12] . In our present series, recurrent FSGS was the predominated histopathological type, followed by MPGN and this was statistically significant (P < 0.001). The low incidence of reported IgA in our present series may be explained by the delayed introduction of immunofluorescence studies in our graft biopsies. Our present data are consistent with a Canadian study, which reported a higher frequency of recurrent FSGS compared with patients with other disorders [1] . The incidence of PTGN is higher in patients known to have chronic kidney disease than in the normal population [13, 14] . De novo GN is associated with frequent episodes of acute rejection, while chronic rejection overlapped with transplant glomerulopathy. Ibrahim et al. [15] reported the possibility of an acute rejection association with PTGN and that the frequency of PTGN is not affected by early steroid withdrawal. Multivariate analysis for the risk of developing PTGN revealed two independent risk factors. Renal grafts from middle-aged donors carried a 1.8-fold higher risk of PTGN than grafts from other donor age groups; this may be explained by the fact that autoimmune diseases are more prevalent in the middle-aged population. Furthermore, the most common histopathological GN type in our present cohort was FSGS and it was documented that one of the major risk factors of recurrence of FSGS was renal ischaemic injury [16] , combined with the genetic susceptibility transferred with the graft from the parent donor [11] . A sirolimus-based immunosuppression protocol was associated with a 4.6-fold higher risk of developing GN after transplantation. Our present data are consistent with reports documenting the immunosuppressive therapy role: cyclosporine was reported to cause renal injury including FSGS and sirolimus toxicity can lead to tubular injury and FSGS in patients with a genetic susceptibility [17] . Recurrent GN is associated with worse graft outcome than de novo GN or transplant glomerulopathy. The present data highlight the importance of PTGN as a cause of graft loss in renal transplant recipients and it is associated with a dramatic reduction in graft survival [5] . Graft prognosis depends on the severity and histological form of GN, as well as whether the GN is recurrent or de novo [18, 19] . There is no effective treatment for PTGN, intensive plasma exchange or Rituximab may be of benefit in some cases of FSGS but is of no benefit in many instances [20] . Efforts should be made to outline a standard approach to define risk factors of different forms of this serious disease affecting the survival of the graft that will lead to more specific therapy [21] .
In conclusion, from our present results GN as a cause of renal failure represents a medical dilemma that may persist after transplantation. Early identification and understanding of the ongoing precipitating mechanisms may change our monitoring and immunosuppression strategies and improve long-term graft outcome.
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